A fast and reliable assay for the identification of dermatophyte fungi and nondermatophyte fungi (NDF) in onychomycosis is essential, since NDF are especially difficult to cure using standard treatment. Diagnosis is usually based on both direct microscopic examination of nail scrapings and macroscopic and microscopic identification of the infectious fungus in culture assays. In the last decade, PCR assays have been developed for the direct detection of fungi in nail samples. In this study, we describe a PCR-terminal restriction fragment length polymorphism (TRFLP) assay to directly and routinely identify the infecting fungi in nails. Fungal DNA was easily extracted using a commercial kit after dissolving nail fragments in an Na 2 S solution. Trichophyton spp., as well as 12 NDF, could be unambiguously identified by the specific restriction fragment size of 5=-end-labeled amplified 28S DNA. This assay enables the distinction of different fungal infectious agents and their identification in mixed infections. Infectious agents could be identified in 74% (162/219) of cases in which the culture results were negative. The PCR-TRFLP assay described here is simple and reliable. Furthermore, it has the possibility to be automated and thus routinely applied to the rapid diagnosis of a large number of clinical specimens in dermatology laboratories.
O
nychomycosis is the most frequent nail disease that affects all ages and populations (10) . Diagnosis is currently based on both direct microscopic examination of nail scrapings and macroscopic and microscopic identification of the infectious fungus in culture assay. At present, direct microscopic examination using fluorescence techniques is by far the most sensitive technique for detecting rare hyphae and spores in dermatological samples but does not provide genus or species identification of the infecting fungus. Results from culture assays are often difficult to interpret, as various nondermatophyte filamentous fungi (NDF) are often isolated from abnormal nails. Only recurrent isolations of the same NDF indicate its involvement as an infectious agent in onychomycosis (19, 38) . The frequency of positive dermatophyte cultures from nail samples (Trichophyton rubrum and, to a lesser extent, Trichophyton interdigitale) was found to be only approximately 30% when direct nail mycological examination showed fungal elements (5, 32) . The failure of fungi to grow in cultures is another complication in onychomycosis diagnosis. Culture assays were found to remain sterile in roughly 40% of cases even when direct mycological examinations were positive. Negative culture assays may be the consequence of previous antifungal therapy. Correct identification of the infectious agent in nail infections is essential, as Fusarium spp. and nondermatophyte molds have been shown to be resistant to systemic terbinafine and azole treatments (4) .
In the last few years, many PCR assays have been developed for the direct detection of fungi in nail samples using specific-region primers (21) . However, these assays mainly focused on the identification of dermatophytes or the discrimination of Scytalidium spp. from dermatophytes in nail infections (1-3, 6-8, 15, 17, 20, 23, 25, 27-29, 36, 39) . We recently used a PCR-sequencing/restriction fragment length polymorphism (RFLP) assay to identify dermatophytes, as well as Fusarium spp. and other less frequently isolated NDF in onychomycosis (5, 32) . Identification of fungi in nails using PCR methods provides a significant improvement over results obtained by culture: (i) NDF can be identified with certainty as the infectious agents of onychomycosis and can be discriminated from dermatophytes, as well as from transient contaminants; (ii) it is possible to identify the infectious agent when direct nail mycological examination showed fungal elements but negative results were obtained from fungal culture; and (iii) identification of the infectious agent can be obtained in 24 h with PCR-RFLP, whereas results from fungal culture can take as long as 1 to 3 weeks (5). Although simple, reliable, and sensitive, all proposed PCR methods to identify dermatophytes and NDF in onychomycosis are relatively time-consuming and not ideal for routine laboratory studies.
Terminal restriction fragment length polymorphism (TRFLP) is a DNA-fingerprinting technique used to investigate the compositions of microbial communities in different ecological systems, such as soil and water (13, 16, 26, 40) . TRFLP assays have also been previously performed for bioremediation studies (9, 18, 24) . In medicine, they have been used to characterize the oral bacterial flora in saliva from healthy subjects and patients with periodontitis (34) . We applied this technique to fungi in nails in order to develop a fast and reliable assay to identify dermatophytes and NDF that can be routinely utilized on a large number of samples.
MATERIALS AND METHODS
Nail samples. Nail samples were obtained from patients examined for suspected onychomycosis at the Department of Dermatology, Centre Hospitalier Universitaire Vaudois (CHUV), Lausanne, Switzerland. A total of 679 samples from abnormal nails were analyzed in the present work. In 624 samples, fungal elements were observed in situ by direct mycological examination (positive samples). In 55 samples, fungal elements were not observed (negative samples). The clinical diagnosis of onychomycosis was based on a positive direct mycological examination in an abnormal nail. Twenty samples from healthy patients were also tested as negative controls.
Clinical-sample processing. Routinely, one portion of each clinical sample was examined in a dissolving solution using a fluorochrome (4, 5, 30) . The solution was prepared by dissolving 1 g of sodium sulfide (Na 2 S) (Sigma, St. Louis, MO) in 7.5 ml distilled water and subsequently adding 2.5 ml ethanol. Thereafter, 20 l of a 1% aqueous solution of Tinopal UNPA-GX (fluorescent brightener 28; Sigma, St. Louis, MO) was added to this mixture. The sample preparations were examined using a Zeiss Axioskop fluorescence microscope with excitation between 400 and 440 nm (Zeiss, Thornwood, NY). In parallel, another portion of each sample was divided into two test tubes. The first tube contained Sabouraud's agar medium with chloramphenicol (50 g/ml), and the second tube contained Sabouraud's agar medium with chloramphenicol plus actidione (400 g/ml) (Bio-Rad, Hercules, CA) (5). The cultures were incubated at 30°C. Growing fungi were identified after 10 to 14 days of growth by macroscopic and microscopic examination, as previously described (12) . A third portion of the samples was finally stored at room temperature in a dry box for further DNA extraction, PCR, and TRFLP analysis.
Fungal-DNA extraction. Fungal DNA was extracted from nail samples and fresh fungal cultures on Sabouraud's agar medium using the DNeasy Plant Minikit (Qiagen AG, Hombrechtikon, Switzerland) according to the manufacturer's protocol. Nail fragments (20 to 100 mg) were incubated overnight in 500 l of sodium sulfide dissolving solution (10% [wt/vol] Na 2 S [Sigma], 25% [vol/vol] ethanol) (see above) without fluorochrome. After centrifugation at 8,000 ϫ g for 2 min, the sample precipitate containing fungal elements was washed twice with distilled water (5) . Approximately 1 cm 2 of growing mycelium was used. The extracted DNA was stored at Ϫ20°C for subsequent repetition of TRFLP analyses.
Fungal 28S rDNA TRFLP assay (Fig. 1) . 28S ribosomal DNA (rDNA) was amplified by PCR using ReadyMix Taq PCR Mix with MgCl 2 (Sigma) coupled with large-subunit forward fluorescently labeled primer LSU1 (5=-GATAGCGMACAAGTAGAGTG-3=) and reverse primer LSU2 (5=-G TCCGTGTTTCAAGACGGG-3=) (33) . LSU1 primer was fluorescently labeled at the 5= terminus with either Red-ATTO565 or Yellow-ATTO550 (Microsynth AG, Balgach, Switzerland). Red-ATTO565 was utilized to label amplicons used to prepare the reference ladder (see below). Yellow-ATTO550 was utilized to label amplicons from clinical strains or clinical samples. Extracted fungal DNA (5 l), 1 M (each) forward and reverse primers, and 25 l of DNA polymerase reaction mixture were mixed with nuclease-free water to give a total reaction volume of 50 l. The reaction mixture was incubated for 1 min at 94°C; subjected to 30 cycles of 0.5 min at 94°C, 0.5 min at 55°C, and 0.5 min at 72°C; and finally incubated for 10 min at 72°C on an ABI 2720 thermocycler (Applied Biosystems, Inc., Carlsbad, CA).
Restriction enzyme digestions were performed at 37°C for 60 min. Twenty microliters of PCR product; 1 l of AvaI, 1 l of AvaII, and 1 l of StuI restriction endonucleases (New England BioLabs, Ipswich, MA); and 5 l of 10ϫ reaction buffer (NEBuffer 4) were mixed with deionized water to give a total reaction volume of 50 l. Restriction fragments were subsequently purified using a High Pure PCR Purification kit (Roche Diagnostics, Basel, Switzerland).
Concentrations of PCR products from nail samples were estimated on 0.8% (wt/vol) agarose gels with a known amount of DNA Molecular Weight Marker XIV (Roche) and ranged from no detection to 150 ng/l.
After purification of digested PCR products, the DNA concentration was measured for 50 samples with a spectrophotometer (BioPhotometer Plus; Vaudaux-Eppendorf, Basel, Switzerland). The DNA concentration varied from 2 to 60 ng/l, and different concentrations were used to test the limits of detection by a DNA analyzer.
Trichophyton spp. and NDF infecting nail samples were identified by the specific restriction fragment size of 5=-end-labeled amplified 28S rDNA. TRFLP analysis was performed in a MicroAmp Optical 96-well reaction plate (Applied Biosystems). GeneScan-LIZ[500] size standard (0.3 l; Applied Biosystems) and 11.7 l of Hidi formamide (Applied Biosystems) was added to 1.5 l of the purified PCR product and 1.5 l of the reference ladder (see "Preparation of a reference ladder for TRFLP assay" below). At this step, the manufacturer of the DNA analyzer suggests a DNA concentration ranging between 5 and 20 ng. The fluorescently labeled terminal restriction fragments were separated and detected on a 3730 DNA Analyzer using POP-7 polymer, the G5 dye set, and a Genemapper_G5_50_POP7 run module (Applied Biosystems) at the Centre intégratif de Génomique (CIG), Génopode-UNIL, Lausanne, Switzerland (Fig. 1 ). Data collected with the sequencer were then uploaded in GeneMapper software v4.0 (Applied Biosystems) for analysis.
The enzymes for RFLP and TRFLP were chosen by bioinformatics analysis. Theoretical digestions and restriction fragment length polymorphisms were analyzed using ApE-A plasmid Editor software (M. W. Davis). In a previous study, we showed that (5) . Bioinformatics analysis allowed the discrimination of these fungi by RFLP using combined AvaI, AvaII, and StuI digestions ( Table 1) .
Preparation of a reference ladder for TRFLP assay. One isolate representing each of 12 nail-infectious species was used to prepare a reference ladder for the TRFLP assay ( Fig. 2 and 3 ). 28S rDNA was amplified under standard conditions using primer LSU1 fluorescently labeled at the 5= terminus with Red-ATTO565 and primer LSU2. Digestion of the PCR products was then performed using mixed AvaI, AvaII, and StuI. The restriction products were purified using filter tubes as described in Materials and Methods. The purified digested products were visualized on agarose gels stained with ethidium bromide (Fig. 2) . Comparable amounts of fluorescently labeled terminal restriction products from each fungus were mixed to generate a ready-to-use reference ladder (final concentration, 6 ng/l). A clear peak separation for either the species or the genus of the incriminated fungi was observed using DNA Analyzer and GeneMapper software (Fig. 3) . T. rubrum and T. interdigitale were not distinguished from each other, nor were C. parapsilosis and C. albicans.
Different concentrations of digested DNA ranging from 2.5 to 30 ng/l were tested to find the one giving the clearest result by TRFLP analysis. Optimal results were obtained using DNA concentrations ranging between 5 and 15 ng/l. Below 5 ng/l, peaks were not discernible, and above 15 ng/l, they were too intense, leading to a high background and difficulty in visualizing the ladder.
Agarose gel RFLP analysis. An RFLP analysis was performed as a control for the sizes of the PCR products obtained from reference strains. PCR products were loaded onto 1.5% (wt/vol) agarose gels (Tris-borate-EDTA [TBE] buffer) and stained with ethidium bromide. A DNA PCR Low Ladder Marker Set (20-to 100-bp ladder; Sigma) was used. After running for 1.5 h at 6 V/cm, the DNA fragments were visualized with UV radiation (300 nm) and recorded photographically.
Species identification by DNA sequencing. DNA sequence analysis of the amplified 28S rDNA was used for species identification of 63 culture isolates and 42 nail samples where the infectious species remained unidentified by TRFLP. DNA sequencing was performed by Microsynth AG (Balgach, Switzerland) on an FLX Genome Sequencer (454 Sequencing; Roche) with part of the PCR DNA used for TRFLP analysis. The sequences were aligned with Multalin (10a; http://multalin.toulouse .inra.fr/multalin/multalin.html) and compared by BLAST on the NCBI database.
RESULTS
Principle of the developed TRFLP assay. An overview of the developed TRFLP assay is shown in Fig. 1 . Total DNA was first extracted from nail samples, and the 28S rDNA was amplified using primer LSU1 fluorescently labeled with Yellow-ATTO550 and reverse primer LSU2. The PCR product was subsequently subjected to restriction enzyme digestion and purified. This step generated one fluorescently labeled fragment (the fragment retaining the 5= rDNA was amplified using a labeled forward primer. A single-step digestion of PCR amplicons with AvaI, AvaII, and StuI was completed. The digested PCR products were purified, and finally, the purified, digested, and labeled PCR products were separated using a DNA analyzer, and output data were analyzed with GeneMapper. label from the original primer) and other, nonlabeled fragments. The digested products were then separated by capillary electrophoresis and analyzed by laser detection (3730 DNA Analyzer; Applied Biosystems), together with a mixture of Red-ATTO565 fluorescently labeled terminal restriction products generated from a set of different fungi used as a reference (reference ladder). These fungi were those known to be possible infectious agents in onychomycosis. The output of the sequencer was a series of yellow peaks of various sizes and heights that represented the profile relative to the nail sample and a series of red peaks of comparable sizes and heights that represented the profile of the reference ladder. Nailinfectious fungi were identified by the superimposition of yellow peaks from the sample on red peaks from the ladder. The isolates were identified by superimposition between peaks from the reference ladder (red peaks) and the strain sample (black peaks) (Fig. 3) . The results agreed with the species identification obtained by sequencing of amplified 28S rDNA for all 63 isolates tested and therefore validated the use of the reference ladder to further identify infectious fungi in nail samples (see Table S1 in the supplemental material).
Identification of fungi in onychomycoses by terminal restriction fragment length polymorphism analysis. Using the designed TRFLP ladder, infectious fungi were identified in 624 nail samples that showed fungal elements by direct mycological examination (positive samples), and the results were compared to those of culture assays (Table 2 and Fig. 3) . Trichophyton spp. were identified as the single infecting fungal agent in 71 of 81 cases (88%) where either T. rubrum or T. interdigitale grew in cultures ( Table  2 , boldface). Likewise, Fusarium spp., Aspergillus spp., Acremonium spp., Scopulariopsis spp., Penicillium spp. and Candida spp. were revealed in 76% (38/50), 39% (11/28), 80% (4/5), 50% (5/ 10), 14% (3/22), and 59% (26/44) of cases, respectively, when these NDFs grew as single species in culture assays ( Table 2 , boldface). In some cases where a single fungus was recovered in culture, TRFLP results demonstrated the presence of 2, 3, or 4 fungal DNAs, one of which matched the agent recognized in the culture (mixed infections 1 to 20 in Table 2 ). The identified species are listed in Table S2 in the supplemental material.
Most often, a single infectious agent was found by TRFLP. However, in several cases, one agent was recovered in culture and a different agent was detected by TRFLP. For instance, Trichophyton spp. were detected in 4, 7, 1, 2, 12, and 4 cases when Fusarium spp., Aspergillus spp., Acremonium spp., Scopulariopsis spp., Penicillium spp., and Candida spp., respectively, grew as a single fungus in culture (Table 2 , row 1, shaded cells). When Alternaria spp. were isolated in culture assays (19 cases), Trichophyton spp. were identified as the infectious agent in 15 cases (Table 2; see Table S2 in the supplemental material). Alternaria spp. were identified only once, but in a mixed infection with Trichophyton spp.
TRFLP was used to identify the infectious fungi in nails when other molds (i.e., species different from those used for the design of the ladder) grew in culture (64 cases) and when culture assays remained sterile (218 cases) ( Table 2 ). The analysis results revealed a prevalence of Trichophyton spp. with frequencies of 48% (31/64) and 55% (120/218). One NDF among Fusarium spp., Acremonium spp., Aspergillus spp., S. brevicaulis, Penicillium spp., Candida spp., and Alternaria spp. was clearly identified in 19% (12/64) and in 16% (34/218) of these cases (Table 2) . Altogether, 17 mixed infections with the aforementioned fungi were detected ( Table 2 , mixed infections 22 to 38). In total, infectious agents could be identified in 74% (162/218) of the cases where negative results were obtained by means of cultures.
Infectious fungi could not be identified in 74 of 624 cases (12%); either TRFLP results were not interpretable due to too much background noise or no peak was detected because of a failure in the PCR amplification. In these cases, retrospective investigations revealed that either direct mycological examination showed a small quantity of fungal elements or the assay had been performed using a small amount of nail sample.
Mixed infections. Two examples of TRFLP analysis results revealing two peaks and attesting to mixed infections are shown in Fig. 3 . When either Trichophyton spp., Fusarium spp., Aspergillus spp., Acremonium spp., Scopulariopsis spp., Penicillium spp., or Candida spp. grew as a single fungus in culture (81, 50, 28, 5, 10, 22, and 44 cases, respectively [ Table 2 ]), 20 cases of mixed infections (sorted mixed infections 1 to 20) were detected, representing 8% of the total of 240 cases. The ratio of mixed infections detected by TRFLP analyses was higher (16%) when two or more species grew in culture (14 cases among 83 nail samples) ( Table 2; see  Table S3 in the supplemental material). Only one species was identified by TRFLP analysis in 73% of these cases (61/83) using the reference ladder generated in this study.
After a 6-month period, TRFLP analysis was repeated for the cases where the agent identified by TRFLP was different from that identified in culture ( Table 2 , shaded cells) and the 52 cases of recorded mixed infections. We used the same stocks of DNA isolated from nail specimens, which were conserved at Ϫ20°C. The results were confirmed, with the exception of 6 cases of mixed infections, where one signal was lost. The reproducibility of the analyses permitted us to rule out exogenous contamination in most cases. Discrepancies in the 6 cases of mixed infections may also be explained by long-term conservation of DNA.
Identification of other infectious fungi in onychomycoses and completion of markers in the reference ladder. Further investigation was performed using DNA extracted from 42 samples where the infectious species remained unidentified, as the detected peak in TRFLP analysis did not correspond to any of the peaks in the reference ladder (Table 2 and Fig. 3 ; see Table S3 in the supplemental material). Twenty-four of these 42 samples showed a single species, and 18 samples were from the 52 samples in which mixed infections were detected. Sequencing of amplified 28S rDNA allowed identification of Scytalidium spp. and Microascus spp. (teleomorphs of Scopulariopsis spp. non-brevicaulis), as the single infectious agent in four and two onychomycoses, respectively. Although Scytalidium spp. are commonly reported as etiological agents in onychomycoses, this was the first time the fungus had ever been reported as an infectious agent in Switzerland. On the other hand, Microascus cirrosus had previously been reported as an infectious agent in onychomycoses (14) . A unique identification was obtained in 12 cases (Table 3) . The species could not be identified by sequencing in 24 cases. In 5 cases, the amount of DNA was too small. In 19 cases, the sequencing trace files were not readable because of superimposition of sequences in- 1 (13) 7 (14-20) 1 (21) 9 (22-30) 8 (31) (32) (33) (34) (35) (36) (37) (38) 14 (39-52)
52
Fungi not in the TRFLP ladder e All the cases where Candida spp. were detected were nail infections without paronychias.
c A fungus not in the ladder was cultured.
d TRFLP detected both the agent identified in culture and another agent. Identified species are listed in Table S2 in the supplemental material. The ID numbers of the sorted mixed infections are in parentheses.
e Fungi further identified by 28S rDNA sequencing are listed in Table 3 .
f No peak was detected by TRFLP analysis.
g Percentages of the cases where the fungus identified by TRFLP (as a single agent or in mixed infections) corresponded to the fungus identified in culture.
Verrier et al.
dicative of mixed infections. As Scytalidium spp. and Microascus spp. were identified more than once and are known to be potential infectious agents in onychomycosis, the reference ladder was completed with labeled DNA from these fungi for their detection in future samples. TRFLP analysis of nail samples showing negative results by direct examination. Fifty-five abnormal nail samples with negative direct examination results were analyzed by the method described here and were used as negative controls (data not shown). No peak was detected in 47 cases (85%). Trichophyton spp., Candida spp., and Acremonium spp. were identified in five, one, and two cases, respectively. Twenty nail scrapings from healthy patients were also tested, and all gave a negative result with the TRFLP assay.
DISCUSSION
The TRFLP technique was first used to study complex communities of bacteria by taking advantage of variations in their 16S rDNA. In the present study, a similar approach was adopted, and TRFLP analysis was used to identify infectious fungi based on differences in their 28S rDNA amplicons. Other DNA sequences, such as that of the chitin synthase 1 gene or small ribosomal subunit 18S rRNA, were successfully used for fungal species delineation and identification (7, 27, 28) . The polymorphism of the internal transcribed spacers (ITS) of ribosomal DNA regions (ITS1 and ITS2) flanking the DNA sequence composing the 5.8S rDNA is the most discriminating tool for distinguishing different fungi (1) . ITS sequences have been used in previous studies for the identification of dermatophytes by RFLP (11, 41) . However, the 320-bp 28S rDNA sequence was found to be more sensitive and suitable, as well as sufficient to routinely identify isolates from nails with high sensitivity, at least to the genus level. The TRFLP assay does not allow the identification of dermatophytes to the species level, but in practice, identifying the genus to which an infecting fungus belongs is what is most relevant for the dermatologist with respect to onychomycosis. The two anthropophilic species T. rubrum and T. interdigitale are the causes of 99% of tinea unguium (22, 31, 35, 37) , and both species respond well to standard treatment with azoles and terbinafine, whereas special treatments may need to be prescribed for NDF onychomycosis (4) . In other tinea infections, in particular tinea capitis, the treatment sometimes varies, depending on the species involved, and therefore, only in these cases would species determination be of any use.
The clinical sensitivity of the assay for identifying, at least to the genus level, infectious fungi in samples positive by direct mycological examination was 84% (526/624). The results of fungal identification obtained by the TRFLP assay described here are representative of the fungal community in the whole nail sample. In contrast, only a small part of the nail sample is seeded on an agar medium surface in culture assays. This may explain many of the discrepancies between culture and TRFLP analysis results. The reproducibility of results obtained for nail specimens in which mixed infections were detected allows one to rule out exogenous contamination.
TRFLP fungal identifications were performed using a 20-to 100-mg nail sample, provided that more than rare spores or/and filaments were detected by direct mycological examination. Failure of fungal identification occurred when the sample revealed a small quantity of fungal elements by direct mycological examination. During the development of the assay and preparation of the reference ladder, the lower limit of DNA that could be detected by the DNA analyzer (analytical sensitivity) for each species was found to be 7.5 ng.
No false positive was observed with nail scrapings from healthy individuals without suspected mycosis. In contrast, 10 positive samples were observed in a group of 55 abnormal nails that were negative by direct mycological examination (18%). However, in the samples where a fungal species can be identified, the diagnosis of a fungal infection should be confirmed with a second independent sampling. The detection of the same fungus by TRFLP should exclude accidental occurrence of NDF in the first nail sampling. In addition, new direct mycological examination may clarify a doubtful situation.
In this study, 174 (27%) of the 640 identified samples were NDF (not including mixed infections or undetermined species). This ratio is comparable to that revealed in a previous study using a PCR-RFLP assay (5) . In the last decade, we observed an increasing prevalence of Fusarium spp. and Acremonium spp. in onychomycoses. The frequency of Fusarium isolates from nails is now reaching 15% of that of dermatophytes in our records from 2005 to 2010. As Fusarium spp. and NDF appear to be insensitive to standard systemic treatments with terbinafine and azoles, a reliable diagnosis of NDF from the laboratory allows the practitioner to tailor therapy as needed.
The PCR-TRFLP assay we describe here shows several improvements in comparison to PCR-RFLP assays using agarose gel electrophoresis.
First, the infectious agents can be precisely identified at least to the genus or the species level using a one-step digestion protocol. The results are easy to read and interpret by simply searching for peak superimposition.
Second, in the case of mixed infections, more than one infectious agent can be unambiguously identified. Different infectious fungi simultaneously appear as distinct peaks in a diagram (peak profile). Sequencing of 28S rDNA amplified from genomic DNA extracted from a mixture of 2 different fungi generates trace files that are not readable and are not suitable for fungal identification. Using conventional RFLP agarose gel methods, it is often difficult to interpret band profiles relating to more than one species in a nail sample. As mixed infections are detected in roughly 10% of onychomycoses (8% [52/624] in the present study), TRFLP analysis is ideally suited to this kind of analysis.
Third, PCR-TRFLP analysis allows the identification of new infectious agents. The reference ladder can be continuously upgraded with new species markers as they are discovered. From the results of this study, it could be updated for further analyses with markers for Scytalidium spp. and Microascus spp., which were detected in five and two cases, respectively. We are now able to identify 15 infectious agents that were found to be in more than 85% (530/624) of the samples at the genus or species level. Other fungi were detected in 3% of the cases. The names of these fungi (12 species identified only once [ Table 3 ]) were recorded in our data bank for the possible inclusion of a corresponding new marker in the reference ladder if one of these fungi is repeatedly identified in the future.
The PCR-TRFLP assay described here is simple, reliable, and suitable for dermatology laboratories provided that enough nail material is collected for analysis. In practice, we are using TRFLP for fungal identification and not for the clinical diagnosis of an onychomycosis, which is based on a positive direct mycological examination in an abnormal nail. The cost for a complete TRFLP assay, including DNA extraction, PCR with labeled primer, digestion, purification, and loading on a DNA analyzer, is approximately €10. This is a higher price than for culture (€2) or RFLP assay (€8), but it is counterbalanced by the higher efficiency and sensitivity of the TRFLP method (32) . Despite the higher cost, PCR methods are appropriate for routine onychomycosis diagnosis because of the high frequency of NDF and the commonly problematic interpretation of culture results. Automation of the technique can contribute to lowering the price and is under way using an automated DNA extraction system, PCR, digestion of PCR products, and their purification in 96-well microplates.
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